α-Lactalbumin forms with oleic acid a high molecular weight complex displaying cytotoxic activity.
α-Lactalbumin (LA) forms with oleic acid (OA) a complex which has been reported to induce the selective death of tumor cells. However, the mechanism by which this complex kills a wide range of tumor cell lines is as yet largely unknown. The difficulty in rationalizing the cytotoxic effects of the LA/OA complex can be due to the fact that the molecular aspects of the interaction between the protein and the fatty acid are still poorly understood, in particular regarding the oligomeric state of the protein and the actual molar ratio of OA over protein in the complex. Here, the effect of LA addition to an OA aqueous solution has been examined by dynamic light scattering measurements and transmission electron microscopy. Upon protein addition, the aggregation state of the rather insoluble OA is dramatically changed, and more water-soluble and smaller aggregates of the fatty acid are formed. A mixture of LA and an excess of OA forms a high molecular weight complex that can be isolated by size-exclusion chromatography and that displays cellular toxicity toward Jurkat cells. On the basis of gel filtration data, cross-linking experiments with glutaraldehyde, and OA titration, we evaluated that the isolated LA/OA complex is given by 4-5 protein molecules that bind 68-85 OA molecules. The protein in the complex adopts a molten globule-like conformation, and it interacts with the fatty acid mostly through its α-helical domain, as indicated by circular dichroism measurements and limited proteolysis experiments. Overall, we interpret our and previous data as indicating that the cellular toxicity of a LA/OA complex is due to the effect of a protein moiety in significantly enhancing the water solubility of the cytotoxic OA and, therefore, that the protein/OA complex can serve mainly as a carrier of the toxic fatty acid in a physiological milieu.